Our prior meta-analyses demonstrated an increased prevalence of impaired glucose tolerance (IGT) and type 2 diabetes mellitus (T2DM) with polycystic ovary syndrome (PCOS), but with substantial clinical heterogeneity.
Our prior meta-analyses demonstrated an increased prevalence of impaired glucose tolerance (IGT) and type 2 diabetes mellitus (T2DM) with polycystic ovary syndrome (PCOS), but with substantial clinical heterogeneity.
OBJECTIVE AND RATIONALE:
We aimed to update our previous review to quantify the prevalence of IGT and T2DM in PCOS with only quality studies (good and fair quality). We also aimed to examine the contribution of parameters including ethnicity, obesity and method of diagnosing T2DM in explaining the observed heterogeneity in IGT and T2DM prevalence in PCOS.
SEARCH METHODS:
We conducted a literature search (MEDLINE, CINAHL, EMBASE, clinical trial registries and hand-searching) up to June 2016 to identify studies reporting the prevalence of dysglycemia (IGT and T2DM) in women with and without PCOS. We included
Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disorder which can affect up to 18% women of reproductive age depending on the diagnostic criteria and population studied (March et al., 2010) . It is associated with a range of reproductive (hyperandrogenism, oligo or anovulation, infertility); metabolic (gestational diabetes mellitus (GDM), impaired glucose tolerance (IGT), type 2 diabetes (T2DM), cardiovascular disease (CVD), cardiovascular risk factors); and psychological (depression, anxiety, poor self-esteem, disordered eating, psychosexual dysfunction) features (Deeks et al., 2010; Teede et al., 2011a Teede et al., , 2011b Palomba et al., 2015; Zhao et al., 2016; Moran et al., 2010) . Women with PCOS frequently demonstrate intrinsic insulin resistance (IR) which is inherent to PCOS (Diamanti- Kandarakis and Papavassiliou, 2006; Teede et al., 2007; Stepto et al., 2013; Cassar et al., 2016) . IR is suggested as one of the main pathophysiological features contributing to both reproductive and metabolic disturbances in PCOS. IR increases hyperandrogenism, through insulin increasing ovarian androgen production, either in isolation or synergistically with luteinizing hormone (Barbieri et al., 1986) , and reduces hepatic sex hormone-binding globulin (SHBG) production (Plymate et al., 1988) . Women with PCOS may also have an elevated prevalence of overweight and obesity (Lim et al., 2012) , which then confers extrinsic or lifestyle-related IR (Stepto et al., 2013) and in turn worsens the reproductive, metabolic, and psychological features of the condition. While there is a recognized role of IR in contributing to the aetiology of PCOS, the complete etiology surrounding PCOS is not yet entirely understood.
PCOS and IR are associated with dysglycemia (American Diabetes, 2004; Alberti et al., 2007; Joham et al., 2014) . PCOS may also contribute to worsened cardiovascular risk-profiles (Zhao et al., 2016) . Economic evaluations in the United States estimate that 40% of the economic costs of PCOS can be to attributed to T2DM (Azziz et al., 2005) . This rise in the adverse cardio-metabolic health of women underscores the considerable impact of PCOS on health outcomes and health care costs.
In 2010, our previous systematic review and meta-analysis compared the prevalence of IGT and T2DM among women with and without PCOS (Moran et al., 2010) . The meta-analysis reported a 4-fold increased prevalence of type 2 diabetes among women with PCOS which was independent, and additive to obesity. However, the study reported substantial clinical heterogeneity on pooled analysis. Given that there are significant ethnic variations in the frequency of obesity and insulin resistance among women with PCOS, it is likely that the prevalence of diabetes would also differ among women of distinct ethnic background. Moreover, there are demographic and clinical parameters, such as age, BMI, body composition, ethnicity, diagnostic criteria, markers of insulin resistance and reproductive hormones, which could confound or modify the association between PCOS and dysglycemia. The impact of these factors on the heterogeneity between studies in dysglycemia in PCOS is as yet unclear. The aim of this review was, therefore, to update the previous metaanalysis with a focus on quality studies and examine the contribution of demographic and clinical parameters, especially ethnicity and obesity, in explaining the observed heterogeneity in the prevalence of IGT and T2DM among women with and without PCOS.
Methods

Search strategy
This systematic review is an update and expansion of a previously published review (Moran et al., 2010) . We searched the following electronic databases to identify relevant published literature: Medline (1950 -June 2016 , Medline in-process, and other non-indexed citations: CINAHL (1937 ( -June 2016 , EMBASE (1980 -June 2016 , all EBM Reviews, including Cochrane Database of Systematic Reviews, American College of Physician (ACP) Journal Club, Database of Abstracts of Reviews of Effects, Cochrane Central Register of Controlled Trials, Cochrane Methodology Register, Health Technology Assessment and National Health Services (NHS) Economic Evaluation Database. We hand searched the bibliographies of relevant studies identified by the search strategy for identification of additional research. We also searched the International Clinical Trials Registry Platform Search Portal (http://apps.who.int/trialsearch/), which provides access to a central database containing the trial registration data sets provided by 16 different international registries, using the term PCOS to identify ongoing trials. A systematic search outlined in Table I , combining MeSH terms and text words, were developed using the OVID platform and translated to other databases as appropriate. This search is relevant for both this current review and an additional review on the prevalence of the metabolic syndrome in women with and without PCOS. The search strategy was limited to English language papers.
Inclusion criteria
According to a priori selection criteria, we included studies where women with PCOS were compared with women without PCOS for the end-points of the prevalence of IGT or T2DM. We included articles where PCOS was defined under the original National Institute of Health (NIH) criteria, as the presence of chronic anovulation and clinical 'and' 'or' biochemical signs of hyperandrogenism (with exclusion of other aetiologies, e.g. congenital adrenal hyperplasia) or the ESHRE/ASRM diagnostic features (Rotterdam ASRM/ESHRE-Sponsored PCOS Consensus Workshop Group, 2004) . IGT and T2DM were defined by physician diagnosis, current treatment, history of T2DM (self-report) or oral glucose tolerance test (OGTT) measures.
Exclusion criteria
We excluded case reports, case series, editorials and narrative reviews. We also excluded studies where PCOS was self-reported or studies where IGT or T2DM were measured by fasting glucose only. To avoid selection bias, two reviewers (from N.S.K., C.L.H., L.J.M. and M.B.K) identified and selected articles that met the inclusion criteria. Disagreements between them were discussed and resolved by consensus or discussion with a third reviewer (L.J.M.).
Data extraction
We extracted data on the number of cases of IGT and T2DM and general study and demographic characteristics including ethnicity, weight, waist-hip ratio (WHR), waist circumference (WC), BMI, BMI-matching and WHR/WC matching, diagnostic criteria used for PCOS, IGT or T2DM, location, year of publication, method of diagnosis, selection criteria and age of participants. As most of the studies did not accurately report on ethnicity of the study population, the country in which the study was conducted was used as a proxy for ethnic origin. We used the listing of countries of the United Nations prepared by the Department of General Assembly Affairs and Conference Services of the United Nations Secretariat as a guide to classifying countries into ethnic groups. For the eligible studies in this review, Asia included China, India, Iran, Thailand, Taiwan and Turkey; the Americas included Brazil, Chile and United States of America (USA); Australia and New Zealand included Australia; and Europe included Austria, Czech Republic, Denmark, Greece, Italy, Norway, Poland, Romania, Spain, Sweden and United Kingdom (UK). We also extracted data on clinical parameters including reproductive hormones (total testosterone and free androgen index (FAI)), surrogate markers of insulin resistance (fasting insulin, fasting glucose, homoeostasis model assessment (HOMA), post OGTT insulin response), SHBG, lipid profile (total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL) and triglycerides (TG)), blood pressure (systolic and diastolic) and C-reactive protein (CRP). Two reviewers (from L.J.M., N.S.K., C.L.H. and M.B.K.) independently extracted the data from all included studies and a third reviewer (S.D.C.) re-checked the extracted data. Any disagreements between them were discussed and resolved by consensus or discussion with a fourth reviewer (L.J.M.).
Critical appraisal
Two reviewers (from L.J.M., C.L.H., N.S.K. and M.B.K.) independently assessed the methodological quality of the included studies using a priori criteria based on the Newcastle-Ottawa Scaling (NOS) for nonrandomized studies (Wells et al., 2011) (Supplementary Table SI ). The criteria assessed the representativeness of participants within the PCOS and control groups, comparability of participants by BMI and age, validity of diagnostic criteria and outcome measurement, withdrawals and losses to follow-up and the presence of selective reporting. Each item within the NOS assessment criteria was assigned a point each. We categorized studies as either good quality or fair quality if they scored greater than one in all assessment domains and low or poor quality if they scored a one or zero in the selection or outcome domain or a zero in the comparability domain (Supplementary Table SI) . Disagreements in scoring between individual reviewers were discussed and resolved by consensus and discussion with a third reviewer (L.J.M.). We considered good and fair quality studies as methodologically higher quality studies. A metaanalysis conducted to evaluate differences in impact size by analytical methods showed that results significantly varied when using poor quality studies in a meta-analysis (Stroup et al., 2000; Dechartres et al., 2014) . We therefore included all eligible studies in the systematic review, whereas we included only good quality and fair quality studies in the meta-analysis and meta-regression to provide a robust quantitative assessment.
Outcomes of interest
The primary a priori end-point was odds of the prevalence of IGT or T2DM in women with PCOS compared with women without PCOS. The secondary a priori end-point was to explore the influence of demographic and clinical variables in explaining heterogeneity for the prevalence of IGT and T2DM in women with and without PCOS. These were explored through subgroup analysis for the variables of ethnicity, BMI-matching, BMI and WHR/WC matching, lean-matching, and method of diagnosis of IGT/T2DM. We explored the effect of continuous variables, such as age, weight, BMI, WC, WHR, lipids including total cholesterol, HDL, LDL, TG, CRP, surrogate markers of insulin resistance (fasting insulin, fasting glucose, HOMA, FAI, post OGTT insulin response) and reproductive hormones (total testosterone, SHBG) SBP (systolic blood pressure), and DBP (diastolic blood pressure), through meta-regression.
Statistical analysis
The dichotomous outcome measure was the proportion (prevalence) of patients with IGT or T2DM. Data are presented as odds ratio (OR) (95% CI). I 2 was used to assess heterogeneity with significance set at I 2 ≥ 50%.
We conducted random-effects meta-analyses modelling (Mantel-Haenszel methods) to calculate a pooled estimate of IGT and T2DM prevalence. We then subgrouped after stratification of studies into relevant categories. For meta-regression, the relative difference in continuous variables was expressed by the ratio of their mean value in women with PCOS compared to women without PCOS for each study. We assessed the effect of these variables in explaining heterogeneity for the prevalence of IGT or T2DM through restricted maximum likelihood (REML)-based randomeffects meta-regression. We performed univariable meta-regression analyses first. Variables that were significant at ≤ 0.05 level were considered significant confounders. We estimated the percentage of between-study variance explained by the model (tau 2 ) with Knapp-Hartung modification. We could not perform multivariable meta-regression as there were insufficient studies reporting outcomes of interest. We used STATA (TX, 14.0) for conducting all analyses.
Results
Characteristics of included studies
The search yielded 4530 citations. We removed 270 duplicate articles, with 4260 articles screened. Using a priori selection criteria, we excluded 4010 studies based on screening of title and abstract and identified 250 for assessment of full text. We excluded 164 articles based on the full-text assessment: 25 articles based on selective selection of controls; 47 based on exclusion criteria for IGT or T2DM; 40 based on lack of complete reporting on IGT 'and' 'or' T2DM; 18 based on no comparison with a healthy control group, 17 based on article type; 15 based on PCOS diagnosis not being consistent with ESHRE/ASRM/NIH criteria; one based on language of the report being non-English; and one based on the use of a nonstandard diagnostic method for classifying IGT/T2DM (Fig. 1) .
We included 86 full-text eligible studies in our final analysis. We report on 40 studies for the current meta-analysis of IGT and T2DM. Characteristics of included studies are reported in Table II and  Supplemental Table SII . All included studies were observational employing a cross-sectional (n = 31), case-control (n = 1) and cohort (n = 8) study design. Of the included studies, 24 used a diagnosis of PCOS consistent with the NIH criteria and 16 with the ESHRE/ASRM criteria. All studies assessed post-menarcheal and pre-menopausal women except six which assessed adolescents (Sawathiparnich et al., 2005; Coviello et al., 2006; Leibel et al., 2006; Fulghesu et al., 2010; Angioni et al., 2011; Huang et al., 2010) . Most of the studies assessed overweight and obese women with PCOS except six studies which also assessed lean sub groups (Ciampelli et al., 1998; Dos Reis et al., 1995; Liang et al., 2012; Faloia et al., 2004; Attaoua et al., 2008; Vrbikova et al., 2009 ). The majority of the studies included in the update were out-patient based except for one which was conducted in a community setting . A similar number of studies were conducted from the Americas (N = 15) and Europe (N = 14), with nine studies from Asia and two studies from Australia and New Zealand.
Study quality
Out of 40 studies included in the systematic review, 14 studies were of good quality, 7 were of fair quality, and 19 studies were of poor quality. Furthermore, eight studies in this review were found to have a high risk of detection bias, 10 studies had a high risk of selection bias, and 10 studies had poor comparability among cases and controls (Supplementary Table SI) .
Prevalence of IGT
For IGT, 15 studies provided data for the combined analysis. Women with PCOS had an increased prevalence of IGT compared to women without PCOS (OR = 3.26, 95% CI: 2.17-4.90) with minimal statistical heterogeneity (I 2 = 11.3%, P = 0.327) ( Fig. 2A) .
Subgroup analysis for IGT by demographic variables and study quality is reported in Table III . All ethnic groups including women from Asia, the Americas, and Europe, showed an increased prevalence of IGT among women with PCOS. Women from the Asian sub-continent and the Americas showing the highest risk (5.2-fold and 4.4-fold, respectively) whereas European women had a 2.6-fold increased prevalence of IGT. When the analysis was limited to BMImatched studies, the significantly increased risk of IGT among women was retained for Europe (1.8-fold 95% CI (1.09, 3.05)) and Asia (3.2-fold, 95% CI: 1.27, 7.87), but lost for women from the Americas (5.3-fold, 95% CI: 0.63, 44.0).
Subgroup matching based on anthropometry (BMI, WC and WHR) showed an increased prevalence of IGT among women with PCOS in BMI-matched (2.1-fold), non-BMI matched (4.8-fold), leanmatched (4.4-fold), overweight or obese matched (2.5-fold) and WHR/WC matched subgroups (1.3-fold; non-significant). We could not conduct any subgroup analysis by the method of IGT diagnosis as only one study reported use of retrospective review of administrative medical code as a means of diagnosing IGT.
Meta-regression analyses were conducted to further explore the impact of continuous demographic and clinical variables in explaining heterogeneity for IGT prevalence (Table IV) . For IGT, the REML estimate of the between-study variance (t 2 ) when no covariates were present in the model was 0.21. The regression coefficient for total cholesterol was borderline significant (P = 0.06) on univariable analysis. The REML estimate for the between-study variance was reduced from 0.21 to 0.02 indicating the percentage of between-study heterogeneity explained by total cholesterol to be 92.6%. As none of the clinical or demographic variables was significant, we could not conduct multivariable meta-regression analysis.
Prevalence of type 2 diabetes
For T2DM, 12 studies of women generally aged around 30 years, provided data for the combined analysis. Overall, in quality studies women with PCOS had an increased prevalence of T2DM compared to women without PCOS (OR 2.87; 95% CI: 1.44-5.72) on combined meta-analysis (Fig. 2B ). There was substantial statistical heterogeneity present (I 2 = 85.9%; P < 0.001) among the studies.
Subgroup analysis for T2DM is reported in Table III . Women from Asia and the Americas presented with a 4.4-and 4.7-fold increased prevalence of T2DM among women with PCOS compared to women without, while there were no significant differences in the prevalence of T2DM among European women with and without PCOS, although the numbers were small (4 studies) (63/650 vs 259/1930, respectively). When we restricted the analysis to BMI-matched studies, we no longer observed significant differences in the risk for T2DM among women with PCOS from Asia, the Americas and Europe, although numbers affected by T2DM in these subgroups was relatively small.
There was an increased risk of T2DM in non-BMI matched studies (4.7-fold), non-BMI and non-WHR/WC matched studies (3.1-fold) and non-lean (obese/overweight matched) populations (2.8-fold). There were no significant differences in the risk of T2DM among women with compared to without PCOS among subgroups matched by BMI or BMI and WHR/WC, although participant numbers in this subgroup analysis were relatively small (n = 73/1023 and n = 259/2098 (7 studies) for BMI matched and n = 1/62 and n = 3/102 (two studies) for WHR/ WC matched respectively). No subgroup analysis could be conducted for studies by lean participants as there was only one study meeting this criterion. Studies that diagnosed T2DM prospectively by a blood-based technique had a 2.4-fold increased prevalence compared to a 4.7-fold increased prevalence among studies that identified diabetes by selfreport/by review of medical or administrative records.
Meta-regression analyses to determine sources of heterogeneity for T2DM are reported in Table IV . For T2DM, the REML estimate of the between-study variance (t 2 ) when no covariates were present in the model was 0.34. None of the variables, including BMI and WHR/WC examined on univariable analysis, explained the betweenstudy heterogeneity observed on pooled analysis.
Discussion
We report an update and expansion of our previous systematic review and meta-analysis examining the prevalence of IGT and T2DM in women with and without PCOS (Moran et al., 2010) . The Continued current update focussed on meta-analysis of quality studies and also explored the effect of different ethnicities, different anthropometric groups and different methods of T2DM diagnosis on the observed heterogeneity in the prevalence of dysglycaemia in women with and without PCOS. We observed a greater prevalence of both IGT and T2DM in women with PCOS which differed by ethnicity, appeared higher with obesity, and doubled among studies that diagnosed diabetes through self-report or by review of existing administrative records. Metaregression did not reveal clear drivers of heterogeneity (e.g. BMI) between studies in the assessment of the prevalence of T2DM in PCOS. We confirm findings from our original review (Moran et al., 2010) of an increased prevalence of IGT and T2DM among women with PCOS compared to women without PCOS. However, the overall risk for T2DM presented with substantial clinical heterogeneity. Risk appeared to differ across different ethnic groups. There was a higher risk of IGT among women from Asia and the Americas and moderate risk among women with PCOS from Europe. This ethnic difference retained its significance in the BMI matched subgroups among Asians and Europeans but not Americans. This may indicate the smaller sample size and the wide confidence interval within the Americas subgroup, indicating that further research in larger community based studies may be needed to confirm our findings. This may also indicate a differential genetic underpinning in the risk for abnormal glucose tolerance. PCOS is commonly thought to be a multifaceted syndrome that manifests in different ways among ethnic subpopulations (Wang and Alvero, 2013; Dumesic et al., 2015) , with Asian women expressing a higher metabolic risk (Zhao et al., 2010; Zhao and Qiao, 2013) . Genome-wide association studies in Chinese, Korean and European populations have aided in elucidating some of the genetic components and novel susceptibility loci for PCOS and reported single nucleotide polymorphism which vary slightly among different racial and ethnical groups (Dumesic et al., 2015) . However, we are still a long way from fully understanding the genetic variants implicated in the development and pathophysiology of PCOS which may also explain ethnicity related differences in glucose abnormality observed among women with PCOS. In an analysis of ethnic variation in PCOS, Casarini and Brigante (2014) reported Asians and Americans to more often be represented by the metabolic phenotype of PCOS (characterized by insulin resistance, high BMI or central obesity and increased risk of T2DM); whereas Europeans and Middle Eastern women were characterized by the hyperandrogenic phenotype (defined by hirsutism, androgenic alopecia and hyperandrogenism). Given our ethnicity-related differences in the prevalence of IGT in all women, and particularly among BMI-matched subgroups of Asian and European women, we believe a genetic contribution could underpin glucose abnormalities among the different ethnicities of women with PCOS. The risks of T2DM independent of BMI, across the ethnic groups, also needs more research. We recommend considering ethnicity in screening recommendations, aligned with diabetes screening guidelines in the general population to facilitate early detection of dysglycemia.
Previous studies have demonstrated IR to be an intrinsic feature among women with PCOS (Diamanti-Kandarakis and Papavassiliou, 2006; Stepto et al., 2013; Teede et al., 2007) . The presence of intrinsic IR among women with PCOS is also supported by a recent systematic review reporting a 27% reduction in insulin sensitivity among women with PCOS independent of BMI and age (Cassar et al., 2016) . One of the inherent problems associated with complex obesityrelated conditions such as PCOS and T2DM is the contribution of PCOS status per se versus obesity-related risk. It is likely that it is the intrinsic IR inherent to PCOS that is the main contributor to dysglycaemia which develops in this condition. Although we did not observe an impact of surrogate markers of insulin resistance (HOMA, OGTT induced insulin response, SHBG, and fasting insulin) on heterogeneity in our meta-regression, we cannot assess the independent contribution of these factors to dysglycaemia in PCOS. While reduced SHBG, as a surrogate marker of insulin resistance (Plymate et al., 1988) , has been reported to be associated with T2DM in the general population (Ding et al., 2006; Brand et al., 2011) , prior research in PCOS reports no independent association ..................................................................................................................................................................................... between SHBG and dysglycemia . In addition, hyperandrogenism among women with PCOS has been reported to increase insulin resistance through the chronic inflammation pathway which can contribute to hyperglycaemia (Shorakae et al., 2015) . We also did not find any contribution of testosterone to heterogeneity in dysglycemia in our systematic review. It is important to note that the meta-regression had a minimal number of studies reporting biochemical or hormonal variables. These markers should be reported more widely in future studies to provide further insights on potential markers for early identification of dysglycemia among women with PCOS in a clinical setting. It is recognized that obesity worsens the severity of outcomes among women with PCOS (Lim et al., 2013; Diamanti-Kandarakis, 2007) . In line with this, we also demonstrated in the current review that the risk of IGT was doubled among studies conducted with overweight/obese women compared to lean women with PCOS. However, in the BMI and WHR/ WC matched subgroup, we did not show an increased prevalence of T2DM in PCOS. This is likely due to the young age of the participants overall, the limitations in metaanalysis of aggregate data and relatively small sample size of T2DM cases. Meta-analysis of aggregate data is limited as linear regression models to explore independent relationships cannot be performed and meta-analyses in subgroups cannot account for other confounding factors. Ultimately an individual patient data meta-analysis with original data is needed to allow multiple linear regression to be performed to explore the independent relationships between obesity, T2DM and PCOS. We also note here that anthropometric variables did not emerge as key contributors to heterogeneity between studies on meta-regression. Prior evidence has indicated a greater pathophysiological role of adiposity distribution (WC) rather than total adiposity (BMI) in contributing to metabolic aberrations and this should be explored in future large scale studies and in individual patient data meta-analysis among the different ethnicities to gain a better insight into the pathophysiologic process underlying the development of diabetes.
We did observe differences in the prevalence of T2DM according to the method used to diagnose diabetes. We observed a higher prevalence of diabetes among the subset of studies where women self-reported as having diabetes or in situations where diabetes was confirmed through the review of administrative records, compared to studies that used a prospective blood-based method of diagnosing new cases. Our finding may be related to differences in populations across these types of studies but also likely represent misclassification of diabetes, which is a form of bias that could inflate the risk of disease. Our recommendation would be to exercise caution when interpreting the findings from studies that use self-report or make use of routine administrative or medical codes as a method of diagnosing medical conditions including diabetes.
There remain some confounders in the association of PCOS with dysglycemia that we could not confirm in our review, such as clinical markers of IR, reproductive hormones, participant source, and family history of diabetes. Few PCOS studies reported broad clinical or biochemical variables including markers of insulin resistance, anthropometric measures such as WC or WHR or family history of T2DM. Future studies need to clearly document clinical and biochemical parameters when reporting on dysglycemia in PCOS. Additionally, there are likely to be unobserved factors that could differ significantly between individual studies, the impact of which, cannot be addressed in a metaanalysis. These could then be analysed in a large scale individual patient data meta-analysis to provide insights on the independent influence of clinical and biochemical factors on dysglycemia in PCOS. Finally, while PCOS guidelines recommended an OGTT as the test of choice, there are limitations to this test with poor reproducibility including false positive cases observed based on the carbohydrate diet preparation within the general population (Ko et al., 1998) . We do not have sufficient data to evaluate the impact of this on our results, which warrants assessment in future research. The strengths of our meta-analysis are the extensive and comprehensive literature search, the focus on studies of higher methodological quality for meta-analysis and meta-regression and a thorough assessment of the impact of demographic and clinical factors thought to confound the association between PCOS and dysglycemia on heterogeneity between studies. Limitations include that we have used the country in which the study was conducted as a proxy indicator of ethnicity. Most of the studies in our review did not include an accurate description of the study population by race or ethnicity. However, the few studies that did include a detailed description of study population by ethnicity, suggest ethnicity for the majority of the study population to come from the country in which the study was conducted, supporting our classification. Furthermore, as with all meta-analyses of aggregate data from observational studies, we cannot eliminate bias due to confounding, nor assume a causal relationship. In our subgroup analyses, numbers of women was lower, which will have impacted the significant relationships observed. There is a need for a longitudinal cohort of women with PCOS documenting epidemiological data as well as biochemical markers of disease progression over the life course and a role for individual patient data meta-analysis. These would enable us to examine the incidence and explore relationship and confounders as well as explore causality in PCOS.
In conclusion, we report an increased prevalence of IGT and T2DM among women with PCOS. We observed differences in the risk for IGT among women from Asia and Europe, which retained significance in BMI-matched subgroups. We also observed an increased prevalence of IGT among all women with PCOS, which was sustained in the BMI-matched subgroup, and worsened by obesity. Subgroup meta-analysis matching for anthropometric variables did not indicate an independent relationship between PCOS and T2DM, however this requires further exploration with larger T2DM samples and with individual patient data meta-analysis. The prevalence of T2DM was doubled among studies using self-report or review of administrative codes as a method of diagnosis. Our findings, highlight the consideration of ethnic background, obesity and method of diabetes diagnosis, when studying PCOS and dysglycemia in addition to other predictors. A considerable challenge for future research in this field is to gain a better understanding of the independent impact of PCOS on dysglycemia including understanding the role of genetic predisposition, and body composition, the source of participants, as well as the impact of clinical and biochemical markers. Understanding their role on dysglycemia will help in developing optimal screening guidelines while informing and targeting preventive interventions for women with PCOS.
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